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ABSTRACT 
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closed sets and Rough bi-semi generalized locally closed sets in Rough bitopological space and 

studied some of its properties.  
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1. INTRODUCTION 

Bourbaki [7] in 1966, defined a subset S of a space (𝑋, 𝜏) to be locally closed if it is the 

intersection of an open set and a closed set. Balachandran et.al, [2] introduced the concept of 

semi locally closed set and semi generalized locally closed set in Topology. The notion of Rough 

set theory was introduced by Pawlak [10] which was defined in terms of approximations and 

boundary region of a subset of an universe using an equivalence relation on it. In 2017 

Bhuvaneswari et.al, [5] introduced and studied Nano locally closed sets and Nano generalized 

locally closed sets in Nano topological spaces. In 1963 Kelly [9] initiated the systematic study of 

bitopological spaces. Baby Bhattacharya et al., [1] introduced the concept of (1,2)* - locally 

closed sets in bitopological space. Bhuvaneswari et.al, [6] introduced and studied Rough 

bitopological space. In this paper a new class of sets called Rough bi-semi locally closed sets and 

Rough bi-semi generalized locally closed sets are introduced and studied some of its properties. 

 

2. PRELIMINARIES 

Definition 2.1[10]:  A subset A of a topological space ( , )X  is called a semi open set if

[ ( )]A cl Int A . The complement of a semi open set of a space X is called semi closed set in X. 

Definition 2.2[3]:  A subset A of ( , )X  is called a semi generalized closed set (briefly sg-

closed) if ( )scl A U  whenever A U  and U is semi open in X. 

Definition 2.3[2]: A subset S of a space ( , )X  , is called semi locally closed if S U F  , 

where U is semi open and F is semi closed in ( , )X  . 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 7 (July) - 2022

http://ymerdigital.com

Page No:1288



Definition 2.4[2]: A subset S of ( , )X  , is called semi generalized locally closed set (briefly 

sglc) if S G F  , where G is sg-open in ( , )X  and F is sg-closed in ( , )X  . Every sg-closed set 

(resp. sg-open set) is sglc. 

Definition 2.5[8]: For a subset S of ( , )X  , *( , )S SGLC X   if there exist a sg-open set G and 

a closed set F of ( , )X  , respectively, such that S G F  . 

Definition 2.6[8]: For a subset S of ( , )X  , **( , )S SGLC X   if there exist a open set G and a 

sg-closed set F of ( , )X  , respectively, such that S G F  . 

Definition 2.7[11]: Let U be the universe, R be an equivalence relation on U and the Rough 

topology ( ) { , , ( ), ( ), ( )}R RX U R X R X BN X  , where X U  which satisfies the following 

axioms:   

(i). U and ( )R X .    

(ii). The union of the elements of any sub-collection of  ( )R X  is in ( )R X .     

(iii). The intersection of the elements of any finite sub collection of ( )R X  is in ( )R X .      

That is, ( )R X is a topology on U called the Nano/Rough Topology on U with respect to X. 

( , ( ))RU X  is called the Rough topological space. The elements of ( )R X are known as Rough 

open sets in U.  

Definition 2.8[11]: Let ( , ( ))RU X  be a nano topological space and A U . Then A is said to be  

 Nano semi open if [ ( )]A Ncl NInt A   

 Nano semi closed if [ ( )]NInt Ncl A A   

Definition 2.9[11]: A subset A of ( , ( ))RU X is called Nano semi generalized closed set (Nsg-

closed) if ( )Nscl A V  whenever A V and V is Nano semi open in ( , ( ))RU X . 

Definition 2.10[6]: Let U be the universe, R be an equivalence relation on U and 

1,2 1 2
( ) { ( ), ( )}R R RX X X    where ( ) { , , ( ), ( ), ( )}R R R RX U L X U X B X   and X U . Then 

1,2
( , ( ))RU X  is said to be Rough/Nano bitopological space. Elements of the Rough bitopology 

are known as Rough (1, 2)* open sets in U. Elements of 
1,2

[ ( )]c

R X  are called Rough (1, 2)* 

closed sets in
1,2

( )R X . 

Definition 2.11[6]: A subset A of
1,2

( , ( ))RU X  is called nano (1, 2)* semi open set if
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1,2 1,2[ ( )]A N cl N Int A  . The complement of a nano (1, 2)* semi open set of a space U 

is called nano   (1, 2)* semi closed set in 
1,2

( , ( ))RU X . 

Definition 2.12[6]: A subset A of 
1,2

( , ( ))RU X  is called Nano (1, 2)* semi generalized closed 

set (briefly N (1, 2)*sg-closed) if 
1,2 ( ))N scl A V  whenever A V  and V is nano (1, 

2)* semi open in 
1,2

( , ( ))RU X . 

Remark 2.13[6]: Let A be any subset of ( , ( ))
biRU X  

(i). Let A be an biR sg closed set and suppose that F is a biR -closed set. Then A F  is 

an biR sg closed set.  

(ii). Let A and B be subsets of a Rough bitopological space .Then A is biR sg open if it is 

biR -open and A B is biR sg  open if both A and B are biR sg open.  

(iii). A is biR sg closed in ( , ( ))
biRU X  if and only if ( )biA R sgcl A  

(iv). ( )bisgcl AR is biR sg closed in ( , ( ))
biRU X  

(v). ( )bix R sgcl A if and only if A U    for every biR sg open set U containing x. 

 

3. ROUGH BI-GENERALIZED LOCALLY CLOSED SETS 

 

Definition 3.1: A subset A of ( , ( ))
biRU X , is called Rough bi- semi locally closed (briefly biR -

slc) if A G F  , where G is biR -semi open and F is biR -semi closed in ( , ( ))
biRU X . The 

collection of all biR - semi locally closed sets of ( , ( ))
biRU X will be denoted by

( , ( ))
bibi RR SLC U X . 

Definition 3.2: A subset A of ( , ( ))
biRU X , is called Rough bi- semi locally* closed (briefly biR

-slc*) set, if there exist a biR -semi open set G and a biR - closed set F of ( , ( ))
biRU X , 

respectively such that A G F  . The collection of all biR - semi locally closed sets of 

( , ( ))
biRU X will be denoted by *( , ( ))

biRbiSR LC U X . 

Remark 3.3:  

(i). Every biR -semi open (resp. biR -semi closed) subset of U is biR -semi locally 

closed. 

(ii). The complement of a biR -semi locally closed set need not be biR -semi locally 

closed. 

(iii). Every biR -slc* set is biR -slc set  

(iv). If every subset of ( , ( ))
biRU X  is biR -locally closed, then it is biR -slc*  
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Theorem 3.4: For a subset A of ( , ( ))
biRU X , the following are equivalent 

(i). ( , ( ))
biRbiA SLC UR X  

(ii). ( ( ))biA P sclR A   for some biR -semi open set P 

(iii). ( )biscl AR A  is biR -semi closed 

(iv). ( ( ))biA U sclR A is biR -semi open 

Proof: ( ) ( )i ii Let ( , ( ))
biRbiA SLC UR X . Then A P F  where P is biR -semi open and F is 

biR -semi closed. Since A P and ( )biA sclR A , ( )biA P scR l A  . Conversely, since A F ,

( )biscA lR A F  , ( ).biA P F P sR cl A    That is ( )biP sclR A A . Therefore 

( ( ))biA P sclR A   

( ) ( )ii i Since P is biR -semi open and ( )biscl AR is biR -semi closed, ( )biP sclR A   

( , ( ))
bibi RR SLC U X  by Definition 3.1. 

( ) ( )ii iii ( ( ))biA P sclR A   implies that ( ) ( ) ( ) ( )bi bi bi

CscR R Rl A A scl A U P scl A P       

which is biR -semi closed, since CP is biR -semi closed. 

( ) ( )iii ii  Let ( ( ) )bi

CP scl AR A  . Then by assumption, P is biR -semi open in ( , ( ))
biRU X

and ( ( ))biA P sclR A  . 

( ) ( )iii iv  ( ( )) ( ( )) ( ( ) )bi bi

C

i

C

bA U scl A A scl A scl AR R R A     and by assumption 

( ( ) )i

C

b scl A AR  is biR -semi open and ( ( ))biA U sclR A is biR -semi open. 

( ) ( )iv iii Let ( ( ))C

biP A scl AR  . Then CP is biR -semi closed and ( )i

C

bP sclR A A  and 

therefore ( )biscl AR A  is biR -semi closed. 

Theorem 3.5: If  ( , ( ))
biRA U X  is a biR -locally closed set, then A is biR -semi locally closed. 

Proof: Let A be a biR -locally closed set. Then by definition of biR -locally closed set, A is the 

intersection of biR -open and biR -closed set. Since every biR -open set is biR -semi open and 

every biR -closed set is biR - semi closed, hence A is biR -semi locally closed set. 

Example 3.6: Let { , , , }U a b c d  with 1/ ( ) {{ },{ },{ , }}U R X a b c d , 2/ ( ) {{ },{ },{ , }}U R X b d a c  

and 1 { , }X a c , 2 { , }X a d . Then ( ) { , ,{ },{ },{ , },{ , },{ , , }}
biR X U a d c d a c a c d  . The set { , }a d  

is an biR -slc set but not biR -lc set. 

Theorem 3.7: If  ( , ( ))
biRA U X  is a biR -semi locally closed set and B is biR -semi open in 

( , ( ))
biRU X , then A B is biR -semi locally closed. 
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Proof: Let A be a biR -semi locally closed set. Then by definition of biR -semi locally closed set, 

A is the intersection of biR -semi open and biR -semi closed set such that A G F  . Now 

( ) ( )A B G F B G B F      , since G B is biR -semi open. Hence A B is biR -semi 

locally closed set in ( , ( ))
biRU X . 

Definition 3.8: A subset A of ( , ( ))
biRU X , is called Rough bi-semi generalized locally closed 

set (briefly biR sglc ) if A G F  , where G is biR sg open ( , ( ))
biRU X and F is biR sg

closed in ( , ( ))
biRU X .  

The collection of all biR -semi generalized locally closed sets of ( , ( ))
biRU X is denoted by

( , ( ))
bibi RR SGLC U X . 

Theorem 3.9: If ( , ( ))
biRA U X is a biR -locally closed set, then A is biR sg locally closed set 

but not conversely. 

Proof: Let A be a biR -locally closed set. Then by definition of biR -locally closed set, A is the 

intersection of biR -open and biR -closed set. Since every biR -open set is biR sg open and every 

biR -closed set is biR sg closed, A is biR sg locally closed set. 

Example 3.10: In the example 3.7 biR sglc sets are P(U) and hence the converse does not hold. 

Theorem 3.11: If ( , ( ))
biRA U X is a biR -semi locally closed set, then A is biR sg locally 

closed set but not conversely. 

Proof: Let A be a biR -semi locally closed set. Then by definition of biR -semi locally closed set, 

A is the intersection of biR -semi open and biR -semi closed set. Since every biR -semi open set is

biR sg open and every biR -semi closed set is biR sg closed, hence A is biR sg locally closed 

set. 

Example 3.12: Let { , , , }U a b c d  with 1/ ( ) {{ },{ },{ , }}U R X a d b c , 2/ ( ) {{ },{ },{ , }}U R X a c b d  

and 1 { , }X a c , 2 { , }X c d . Then ( ) { , ,{ },{ },{ , },{ , },{ , , },{ , , }}
biR X U a c b c b d a b c b c d  . The 

set { , }c d  is an biR -sglc set but not biR -slc set. 

 

Hence     

 

The following two collections of subsets of ( , ( ))
biRU X that is, *( , ( ))

bibi RSGLC U XR  and 

**( , ( ))
bibi RSGLC U XR  are defined as follows. 
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Definition 3.13: A subset A of ( , ( ))
biRU X , is called Rough bi-semi generalized locally* 

closed set, (briefly biR -sglc*) if there exist an biR sg open set G and a biR -closed set F of 

( , ( ))
biRU X  respectively, such that A G F  . 

Definition 3.14: A subset A of ( , ( ))
biRU X , is called Rough bi-semi generalized locally** 

closed set, if there exist an biR -open set G and a biR sg closed set F of ( , ( ))
biRU X , 

respectively, such that A G F  . 

Remark 3.15:  

(i). If A is a biR sg closed set of ( , ( ))
biRU X then A is biR sglc set. 

(ii). Every biR -sg open (resp.- biR -sg closed) subset of U is biR -sg locally closed. 

(iii). Every biR -sglc* set is biR -sglc set and every biR -sglc** set is biR -sglc set 

(iv). If every subset of ( , ( ))
biRU X  is biR -locally closed, then it is biR -sglc* and biR -sglc** 

in ( , ( ))
biRU X . 

The following results are characterizations of biR SGLC set, *biR SGLC set and **biSGLCR set. 

Theorem 3.16: For a subset A of ( , ( ))
biRU X , the following statements are equivalent. 

(i). ( , ( ))
biRbiA SGLC UR X   

(ii). ( ( ))biA P sgclR A  for some biR sg open set P 

(iii). ( )bisgcl AR A is biR sg closed 

(iv). ( ( ))bi

CA sgcl AR is biR sg open. 

(v). int( ( ( )) )bi bi

CA sg A sgcl AR R   

Proof: ( ) ( )i ii Let ( , ( ))
biRbiA SGLC UR X . Then A P F  where P is biR sg open and F is 

biR sg closed. Since A P and ( )biA sgclR A implies ( )biA P sR gcl A  conversely, by 

Remark 2.13(iv)  ( )bisgcl AR F and hence ( )biP R sgcl A P F A   . Therefore, 

( ( )).biA P sgcl AR   
 

( ) ( )ii iii ( ( ))biA P sgclR A  implies ( ) ( ) C

bi biR Rsgcl A A sgcl A P   which is biR sg closed 

since 
CP is biR sg closed. 

( ) ( )iii iv ( ( )) ( ( ) )C

bi bi

CA sgcl A sgclR AR A   and by assumption ( ( ) )C

bisgclR A A is 

biR sg open and therefore ( ( )) .bi

CA sgcl AR  
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( ) ( )iv v By assumption, ( ( )) int( ( ( )) )C

bi bi i

C

bA sgcl A sg AR R R sgcl A  and hence 

int( ( ( )) ).b bi

C

iR RA sg A sgcl A   

( ) ( )v i By assumption and since ( )biA sgclR A , int( ( ( )) ) ( )bi bi bi

CA sg A sgcl A sgc AR R R l  

( , ( )).
biRbiR SGLC U X  

Theorem 3.17: For a subset A of ( , ( ))
biRU X , the following statements are equivalent. 

(i). *( , ( ))
bii RbA SGLC UR X   

(ii). ( ( ))biRA P cl A  for some biR sg open set P 

(iii). ( )biR cl A A  is biR sg closed 

(iv). ( ( ))biRA U cl A is biR sg open. 

Proof : ( ) ( )i ii Let *( , ( ))
bii RbA SGLC UR X . Then A P F  where P is biR sg open and F 

is biR -closed. Since A P and ( )biA clR A , ( )biRA P cl A  . Conversely, since A F ,

( )biR cl A F , ( )biRA P F P cl A   . That is ( )biP clR A A . Therefore ( ( ))biRA P cl A   

( ) ( )ii i Since P is biR sg open and ( )biR cl A is biR -closed, ( )biP clR A   

*( , ( ))
bibi RSGLC U XR   by Definition of *( , ( ))

bibi RSGLC U XR   

( ) ( )ii iii ( ( ))biRA P cl A   implies that ( ) ( )i b

C

b iR Rcl A A cl A P    which is biR sg closed, 

since 
CP is biR sg closed. 

( ) ( )iii ii  Let ( ( ) )bi

CP cl AR A  . Then by assumption, P is biR sg open in ( , ( ))
biRU X and 

( ( ))biRA P cl A  . 

( ) ( )iii iv ( ( )) ( ( )) ( ( ) )bi bi

C

bi

CA U cl A A cl A cl AR R AR     and by assumption 

( ( ) )bi

Ccl A AR  is biR sg open and ( ( ))biRA U cl A is biR sg open. 

( ) ( )iv iii Let ( ( ))bi

CP clRA A  . Then 
CP is biR sg closed and ( )i

C

bP clR A A  and 

therefore ( )biR cl A A  is biR sg closed. 

 

Theorem 3.18: Let A be a subset of ( , ( ))
biRU X . Then **( , ( ))

bib RiA SGLC UR X if and only 

if ( ( ))biA P sgclR A  for some biR -open set P. 

Proof: Let **( , ( ))
bib RiA SGLC UR X . Then A P F  where P is biR -open and F is biR sg

closed. Since A F , ( ) .bisgcl AR F  Now ( ) ( )bi biA A sgcl A P F sgclR R A      

( ).biP sgcl AR  
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Corollary 3.19: Let A be a subset of ( , ( ))
biRU X . If **( , ( ))

bib RiA SGLC UR X , then 

( )bisgcl AR A is biR sg closed and ( ( ))bi

CA sgcl AR is biR sg open. 

Proof: Let **( , ( ))
bib RiA SGLC UR X .Then by Theorem 3.12, ( )biA P sR gcl A  for some 

biR -open set P and ( ) ( ) C

bi biR Rsgcl A A sgcl A P    is biR sg closed in ( , ( ))
biRU X . If

( )bisgcF lR A A  , then ( ( ))C

i

C

bF A sgcl AR  and CF is biR sg open and therefore 

( ( ))bi

CA sgcl AR is biR sg open. 

Theorem 3.20: Let A and B be subsets of ( , ( )).
biRU X  

(i). If *( , ( ))
bii RbA SGLC UR X and *( , ( ))

bii RbB SGLC UR X , then *biA B SR GLC

( , ( ))
biRU X  

(ii).  If **( , ( ))
bib RiA SGLC UR X and B is biR -closed or biR -open , then A B

**( , ( ))
bibi RSGLC U XR   

(iii). If ( , ( ))
biRbiA SGLC UR X and B is biR sg open or biR -closed, then A B

( , ( ))
bibi RR SGLC U X  

Proof: (i) It follows from the Theorem 3.19 (ii), that there exists biR sg open sets P and Q such 

that ( )biRA P cl A  and ( ).biRB Q cl B   Then *( , ( ))
bii RbA B SGLC U XR  since P Q is 

biR sg open and ( ) ( )bi biR Rcl A cl B is biR -closed. 

(ii) From definition of **( , ( ))
bibi RSGLC U XR  , there exist a biR -open set G and biR sg closed 

set F such that .A B G F B    Suppose that B is biR -open. Then 

**( , ( ))
bibi RA B SGLR C U X next, suppose that B is biR -closed. Then by the Remark 2.13 

(ii), it is proved that F B is biR sg closed and therefore **( , ( ))
bibi RA B SGLR C U X  

(iii) From definition, there exist a biR sg open set G and biR sg closed set F such that

.A B G F B    First suppose that B is biR sg open. Then by Remark 2.14 (ii), G B is 

biR sg open. So ( , ( ))
bibi RA B SGLC U XR  .  

Next suppose that B is biR -closed. Then by Remark 2.14 (i), it is proved that F B is biR sg

closed and therefore ( , ( )).
biRbiA B SGLC UR X
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